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Guidancefor Industry?
| mmunotoxicology Evaluation of I nvestigational New Drugs

Thisdraft guidance, when finalized, will represent the Food and Drug Administration:s current thinking
onthistopic. It doesnot create or confer any rights for or on any person and does not operate to bind FDA

or the public. An alternative approach may be used if such approach satisfies the requirements of the
applicable statutes and regulations.

If you plan to submit comments on this draft guidance, to expedite FDA review of your comments, please:

Clearly explain each issue/concern and, when appropriate, include a proposed revision and the
rationale/justification for the proposed change.

| dentify specific comments by line number(s); use the PDF version of the document, whenever possible.

l. INTRODUCTION
This guidance makes recommendations to sponsors of investigationa new drugs (INDs) on (1) the
parameters that should be routingly assessed in toxicology studies to determine effects of adrug on
immune function, (2) when additiond specific immunatoxicity sudies should be conducted, and (3) when
additional mechanigtic information could help evauate the significance of a given drug's effect on the
immune system. This guidance isintended for drug products and does not apply to biological products?
Five adverse event categories are discussed in this guidance.

1. Immunosuppresson: Effects on the immune system that result in decreased immune function

2. Antigenicity: Specific immune reactions dicited by a drug and/or its metabolites

3. Hypersengtivity: Immunologica sengtization due to a drug and/or its metabolites

4. Autoimmunity: Immune reectionsto sdf-antigens

5. Adverseimmunogtimulaion: Non-antigen specific activation of the immune system

! This guidance has been prepared by the Office of Review Management in the Center for Drug Evaluation and
Research (CDER) at the Food and Drug Administration (FDA).

2 Sponsors of biological products should refer to the International Conference on Harmonisation (ICH) guidance S6
Preclinical Safety Evaluation of Biotechnology-Derived Pharamaceuticals (July 1997).
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. BACKGROUND

A functiond immune sysem is vitd to human survival. Assessment of adverse effects on the immune
system is therefore important in the overal nonclinical evauation of drug toxicity. Evidence of
immunotoxicity can usualy be observed in standard nonclinica toxicology studies, but in some cases
additiond studies are important. Observation of immune system effects may aso suggest thet more
specific follow-up studies should be considered.

1. EVALUATING IMMUNOTOXICITY MARKERS

Signs of immunatoxicity in nonclinicad studies should be evauated to determine whether more specific
sudies would be useful. When consdering follow-up studies based on changesin clinica pathology
parameters, observed signs should represent biologically significant effects. Changesin some parameters
might not be cause for concern when the changes are smdl but Satigticaly significant. For example, any
decrease of more than 40 percent in total lymphocytes (Hannet et d., 1992; Lugter et d., 1993) or 75
percent in granulocyte counts (Johansen 1983) could be significant, while changes less than 40 percent
and 75 percent may be only suggestive of the immunotoxicity. Evidence of immunotoxicity in more than
one species would cause more concern, even if large effects are not observed. Dose-related changes
would aso have additiond sgnificance, dthough threshold effects and bell-shaped curve phenomena,
more commonly seen with biologica agents, should be consdered when evauating whether to conduct
additiond testing.

Potential immunotoxic effects should be evauated in terms of both dose and, when data are available,
systemic exposure. Where possible, dose comparisonsto clinica use should be based on relative body
surface areas. Other consderationsinclude (1) the relationship of the dose at which immunotoxic effects
were seen to doses causing other toxicities, (2) the doses at which pharmacologica activity was
observed, and (3) the reversibility of immunotoxic effects. Signs of immunotoxicity suggest that
additiona follow-up studies should be consdered to better understand the underlying mechanism (unless
the effect is tolerable for the intended use of the drug).

Effects on immune system parameters in nonclinica toxicology studies are often attributed to stress and
are not considered toxicologicaly sgnificant. In [aboratory animas, certain environmenta conditions,
such as crowding, isolation, temperature, food or water deprivation, dteration of light-dark cycle,
immohilization, handling, and drug administration procedures are known to have an effect on the immune
system (Ader and Cohen 1993). Such stress-related changes are often reversible with repeated dosing
and might not be dose-rdated. A comparison of observed effects with vehicle-treated controls might be
useful to determine whether there are toxicologica effects of the drug that are stress inducing.

The pharmacologica effects of the drug should be consdered (e.g., where adverse immune changes
result indirectly from effects of the drug on the centra nervous system or the hypotha amic-pituitary-
adrend axis). When adverse effects do not suggest a stress reaction or are not related to the
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pharmacologica properties of the drug, the possibility exists that the drug has a direct adverse effect on
the immune system. Even when there are potentia indirect mechanismsfor dteraionsin immune
parameters, the patterns should be carefully evauated to determine whether additiond immunotoxicity
studies would be useful.

Results of nonclinical pharmacokinetic sudies should dso be evaluated. For example, if distribution
sudiesindicate that the drug concentrates in reticuloendothelid tissues (usualy macrophages) and no
sgns of immunatoxicity were apparent in the toxicology studies, conducting a study on the impact of this
observation (such as determining potentia adverse effects on macrophage function) should be
considered.

V. IMMUNOSUPPRESSION

The term immunosuppression refers to an unintended imparment of any immune component or
function. Indicators of immunosuppression can be observed in slandard nonclinica toxicology studies
and include:

Evidence of myeosuppression, such as pancytopenia, anemia, leukopenia, lymphopenia,
thrombocytopenia, or other blood dyscrasias

Alterationsin histology, including thymic atrophy or hypocdlularity of immune system tissues
such as the spleen, lymph nodes, or bone marrow

Increased incidence of infections
Increased incidence of tumors
Decreased serum immunoglobulin levels

It isimportant to differentiate between unintended (adverse) immunosuppressive effects and intended
(pharmacodynamic) effects. For example, many antitumor drugs are toxic to rgpidly dividing cdls.
Immunosuppression due to bone marrow toxicity would be considered an adverse effect during the
trestment of a solid tumor, but not during trestment of a hematologic maignancy. For drugs intended to
be used for prevention of transplant rgjection (e.g., cyclosporine), immunosuppression is the intended
pharmacodynamic effect.

A. Detection of Immunosuppression

All investigationa new drugs should be evauated for unintended immunosuppression. Thiscan
be accomplished in repest-dose toxicology studies by examining clinica chemistry and
hematology (including differentia) values, gross pathology findings, immune system-related organ
weights, and histopathological results in immune system-related tissues. Histopathology should
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include examination of spleen, thymus, lymph nodes, and bone marrow. In addition, the
lymphoid tissue that drains or contacts the Site of drug administration (and therefore is exposed
to the highest concentration of the drug) should be specificdly examined. These stesarethe
gut-associated lymphoid tissues (GALT) for ord administration and the draining lymph nodes for
intramuscular, intraderma, or subcutaneous adminigtration. For intravenoudy administered
drugs, the spleen can be considered the draining lymphoid tissue.

When changes are observed such as depletion or hyperplasiain lymph nodes or splenic white
pulp, changesin cortica (T-cell) or medullar (B-cell) areas should be noted. Other indicators of
immunosuppression in nondinica toxicology studies include treatment-reated infections and
lymphoproliferative type tumors. Although decreases in serum immunoglobulin might be
conddered ardatively insendtive indicator of immunosuppression, this measurement is useful
because it can be readily incorporated into the standard battery of clinical pathology tests.

Changesin blood cdlular dements can suggest immunosuppression, but evauation can be
complex. Anemias and other blood dyscrasias can be associated with effects ranging from
direct bone marrow toxicity to hemolys's caused by drug-induced anti-erythrocyte antibodies.
Differentiating direct bone marrow toxicity or direct drug-mediated intravascular hemolysis from
immune-mediated cytolysisin immunosuppresson can be difficult. Direct bone marrow toxicity
isusualy determined by histopathology. Severd in vitro methods can be used to determine the
bone marrow cell targets of cytotoxicity (Deldar et d., 1995). Direct intravascular hemolyssis
frequently accompanied by increases in white cell counts, increased spleen weight,
hemosdeross of various tissues, and reticulocytoss. Drug-mediated hemolysis can sometimes
be confirmed by in vitro assay (incubating the drug with erythrocytes and determining release of
hemoglobin). Detection of cdll-bound antibodies can determine whether the immunosuppressive
effect has an autoimmune or antidrug antibody component. This mechanism of
immunosuppression, however, israrey observed in standard nonclinical toxicology studies.

Thetiming of the onset of any dyscrasia should be carefully evauated. Cedl lossin circulation
resulting from damage to marrow cells follows atime course that reflects the haf-life of the cell
type. For example, with damage to an early slem cdll, granulocytopeniais likely to be observed
fird, followed by thrombocytopenia. Anemiawill gppear much later, reflecting the long lifetime
of red blood cells. If theloss of aspecific cel type isincongstent with marrow damage, direct
attack on mature cdlls might be indicated. Although follow-up studies are not generdly essentid
to support the safety of anew drug, they may be useful in the risk/benefit andysis.

B. Immune Cdll Phenotyping

If Sgns of immunosuppresson are observed in nondinica toxicology studies, follow-up studies
to determine potentia mechanisms are encouraged. Findings from such studies could suggest
modificationsto tria entry criteria or guide the management of adverse symptoms. For the
purposes of drug development, the determination of drug effects on immune cdll phenotypes may
be ussful. Conaultation with FDA gtaff can be hepful during study design, but as agenerd

G:\3010dft.doc 4

4/10/01



167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

Draft - Not for | mplementation

practice, call surface phenotype determinations should be made on splenocytes obtained at
necropsy and, when practical, on circulating white blood cells. These determinations should be
conducted ideally as a part of one or more repest-dose toxicology studies using flow cytometry
or comparable methodology.

The choice of markers to be quantitated should be based on the intended use of the drug and
toxicities observed in previous sudies. These can include CD4 and CD8 for T-cdlls, surface
immunoglobulin or other markers for B-cdlls, and an NK cell marker (such as CD16 or CD56).

Immunohistochemicd anayss has dso been found useful. This technique can be particularly
helpful in cheracterizing histologica changesin immune cdl tissues.

Although immune cdll phenotype determination is not generaly considered to be atest of drug
effects on immune function, it may be useful for two reasons. (1) immune cdl phenotype changes
(as determined by flow cytometry) have demongtrated one of the best single correlations with
host res stance againgt pathogens or tumors in studies conducted by the Nationa Toxicology
Program (NTP) (Lugter et d., 1993); and (2) the method can be effectively used to monitor
adverse effectsin dlinica trids (Selgrade et d., 1995). Both percentages and absolute cell
counts can be determined by a single method (Cornacoff 1995). In addition, flow cytometry can
be combined with tests of immune function for assessment of immunosuppressive potentia
(Luster et a., 1992a).

C. | mmune Function Studies

When warranted by observations in nonclinica toxicology studies, additiond studiesto
determine potentia drug effects on immune function should be considered. The dose, duration,
and route of adminigration in any immune function study should be congstent with the sudy in
which an adverse effect was observed, and the assays should be based on the type of adverse
effects observed. For example, if decreasesin total lymphocytes or specific T-cells (e.g., CD4
cdlls) or increased infections were observed, a study to determine the effect of drug exposure on
T-cell-dependent antibody response could be conducted. The anti-sheep red blood cell
(SRBC) IgM antibody response assay (usudly referred to as the plague assay), which has been
extensvely evauated by the NTP, could be used for this purpose (Luster et d., 1988, 1992b,
1993). Thisisnormally conducted as a stand-done assay. However, thereisaversgon in which
the assay isintegrated into standard nonclinica toxicology studies. Animasin the sudy are
immunized with an antigen (e.g., SRBC, tetanus toxoid) and antibody response is determined by
enzyme-linked immunosorbent assay (ELISA) (Ladicset d., 1995). Although the ELISA
vaiation isnot atrue test of immune function, it has demongirated a high correlation with the
plague assay (Holsapple 1995; Temple et ., 1993, 1995).

In addition, when trestment-related infections are observed in nonclinica toxicology studies, the
cause of infections should be determined. Infections originating from weskly pathogenic
organisms could be an important indicator of unintended immunosuppresson.
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Depending on the effects, any assay of immune function for which thereisavaid scientific
rationae could be used in follow-up sudies. Useful information for ng effects of drugson
immune function has been obtained from assays of naturd killer cell function, in vitro
blastogenesis, cytotoxic T-cdll function, specific cytokine production, delayed-type
hypersenstivity response, and host resistance to experimentd infections or implanted tumors
(host resistance assays). In vitro assays using human periphera mononuclear cells may provide
additiond information.

The importance of follow-up immune function studies for overal safety assessment depends on
the intended use of the drug. If adrug islikey to be used in pregnant women (for example, to
prevent perinatal transmisson of an infectious disease such as HIV), immunotoxicology
determinations in the ICH Stage C-F reproductive toxicology study should be considered.
Idedly, the effect of materna drug exposure on lymphoid system histopathology and hematology
in the F; generation offspring should be included in the termina assessments.

If adrug isintended for trestment of HIV infection or areaed immune disease, immune function
studies should be considered part of the safety assessment, even when no signs of
immunotoxicity have been observed in the standard toxicology studies. Because of the
presumed increased susceptibility to drug-associated immunotoxicity of patients with impaired
immune function, extra nonclinica effort to detect immunotoxic effectsis warranted.

V. ANTIGENICITY

Antigenicity isacomplex problem in drug development and is one that depends on a number of factors,
including molecular size, configuration, charge, accessibility of determinant groups, and digedtibility. True
antigens are digestible by antigen-presenting cells (APC). Although antigens are usudly proteins,
antigenic polymers such as polysaccharides, nucleic acids, and other macromolecules have been
described. The species, route, and schedule of administration, metabolism of the drug, and amount of
immunogen (e.g., high dose tolerance) can al affect antigenicity.

There are two mgjor concerns associated with antigenicity in drug development: (1) the ability of
antidrug immune responses to ater the biologica activities of the drug (pharmacodynamics, toxicities,
and/or pharmacokinetics), and (2) hypersengtivity responses (See section VI). Concerns about
dterationsin biologicd activities are most often associated with peptide, polymer, and protein drugs.
Antidrug antibody responses can neutraize drug activity and dter drug clearance, plasma hdf-life, and
tissue digtribution.

Drugs can be grouped into two major classes with respect to their potentid antigenicity: low molecular
weight compounds (# 1,000 M, ) and peptides, polymers, or proteins with molecular weights $ 10,000
M, . Examples of low molecular weight drugs that can be antigenic include penicillin and sulfonamides.
Thelr antigenicity depends on covadent binding of parent drugs or metaboalites to proteins to form hapten-
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protein conjugates. Larger peptides, polymers, or protein drugs with molecular weights $ 10,000 M,
are usudly antigenic. Smaller peptides or proteins in the 5,000 to 10,000 M, range also may be
antigenic, dthough immune responses to these drugs may be fairly wesk. Antigenicity is unpredictable
for compounds in the 1,000 to 5,000 M, range.

Under certain circumstances, attempts should be made to determine the antigenic potentia of large
molecular weight drugs. Although demondtrating antigenicity in an anima mode does not necessarily
predict antigenic potentid in humans, there are other reasons why it might be important to monitor
antidrug immune responses. For example, antidrug immune responses could complicate the
determination of safe Sarting doses for clinica trias or lead to an incorrect interpretation of pathological
findings of direct target organ toxicity. Pharmacokinetic parameters may be altered so that observed
effects may not indicate the true toxic potentia of the drug.

Assays to identify antidrug immune responses (such as ELISA and/or lymphocyte blastogenesis assays)
should be considered part of nonclinica safety assessment, because peptide, polymer, and protein drugs
and classes are known to be potentidly haptenic (e.g., penicilling). Such assays can be useful not only
for interpreting animal studies, but dso for assessng the extent of an antidrug immune response in dlinical
trids. Immunoassays for specific cell-mediated immunity should also be considered.

VI.  HYPERSENSITIVITY (DRUG ALLERGY)

Hyper sensitivity refers to antigen-specific immunologica reactions that have adverse effects. The
classfication system discussed below includes four classes of hypersengtivity responses (Coombs and
Gdl 1975):

Typel, IgE mediated — immediate-type hypersenstivity

Typell, 1gG or IgM mediated — antibody-mediated cytotoxic reactions
Type 11, 1gG mediated — immune complex reactions

TypelV, T lymphocyte mediated — delayed-type hypersengtivity response

Small molecular weight drugs are dlergenic if they bind directly to proteins, either as the parent drug or
viametabolites. Drugsthat are antigenic may or may not be alergenic. Thetype of hypersensitivity
reaction depends on many factors, such as degree of antigenicity of the drug, the type of antibody
produced (IgE, 1gG, IgM), the route of adminigration (ord, intramuscular, intravenous, topicd), the
dosing regimen (acute versus chronic), and the pharmacokinetics and metabolism of the drug. Assays
for these types of reactions are discussed in the following sections.

A. Typel

Type | hypersengtivity reactions are mediated by IgE in humans. Assays should detect the
ability of adrug to dicit production of this type of antibody (or, in the case of guineapigs, 19G;,
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which mediates immediate-type responsesin this species). Two tests for angphylactic reactions
are commonly used: passive cutaneous angphylaxis (PCA) and active systemic angphylaxis
(ASA). Nether the PCA nor ASA isgenerdly consdered an essentid test for safety
assessment of drugs. They dso are not useful for exploring mechanisms of hypersengtivity. If a
small molecular weight drug induces IgE antibody production in the PCA assay, the drug might
have sengtizing (alergenic) potentia. However, a negative result in the PCA assay does not
necessarily indicate that asmal molecular weight drug lacks sensitizing potentid, especidly when
biotransformation would be necessary for production of potentia haptens.

The ASA assay can determine whether atest drug can induce angphylaxis in an anima following
immunization with the drug. Aswith the PCA assay, this method detects the ability of proteins
and protein-reactive compounds to produce anaphylaxis. Like the PCA assay, however, the
ASA assay might not be appropriate for determining the sensitizing potentia of nonreactive small
molecular weight drugs (where metabolism is necessary for production of hapten), and negetive
findings should not be interpreted to indicate that an experimenta drug cannot produce
anaphylactic reactions. The usefulness of this assay for the safety assessment of drugsis thus
consdered limited.

Methods have been developed that can detect IgE production in mice following derma exposure
to atest substance. For example, the mouse IgE test (MIGET) has been used to detect
respiratory sengtizers (Hilton et d., 1995). Serum cytokine patterns following topica exposure
in mice have aso been used to detect respiratory sendtizers (Dearman et d., 1995, 1996). The
MIGET and determination of cytokine patterns, conducted in tandem with the murine loca
lymph node assay (LLNA, discussed under Type IV reactions), might be useful in detecting
respiratory dlergens (generdly associated with Type | immunaopathy) (Kimber et d., 1996).
However, these assays have not been demonstrated to mode anaphylaxis, especialy when
biotransformation appears to be necessary for production of hapten(s).

Adaptations of guinea pig assaysto detect contact sendtizers (Type IV hypersengtivity
reactions) can evauate the potentia of drug products administered by inhalation to induce Typell
hypersengtivity responses in the respiratory tract (DeGeorge et d., 1997). The suggested tests
involve dermd or inhdation induction followed by inhaation chalenge, using plethysmography
and other experimentd endpoints to determine sengitization (Karol 1995). Drugs intended for
inhdation should be tested for their sengtizing potentid.

B. Typell &Il

Type Il and 11 immunopeathies tend to occur smultaneoudy and are commonly associated with
systemic or specific organ hypersengtivity reactions. Type Il and Il immunopathies are the
result of 1gG and/or IgM antibody responses to drugs or drug metabolites. The associated
pathologies are due to antibody-dependent cellular cytotoxicity (ADCC) and/or complement
mediated lysis of somatic cdls (Type I1) or immune complex formation, depostion, and
complement activation with loca tissue destruction (Type I11). Typell and 11 immunopathies
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include anemia, leukopenia, thrombocytopenia, pneumonitis, vasculitis, lupus-like reactions, or
glomerulonephritis, and are often indistinguishable from autoimmune reactions. Type Il and 111
immunopathies gppear to be only rardly modded in animas and sgns of these immunopathies
are most commonly indicative of direct, nonimmune-mediated drug toxicity.

Although there are examples of drugs that are associated with Type Il and 111 hypersengtivity
reactions, there are no standard nonclinica methods for predicting these effects. There are
ingtances, however, when follow-up studies should be consdered to determine if immune
mechanisms are involved in these pathologies. In the case of anemia, a postive direct Coombs
test could indicate an immune-mediated hemolytic anemia. In the case of specific tissue damage,
such as vaseulitis, immunohistochemica demongration of antibody or complement in the affected
tissue could suggest immunopathy. Demongration of immune complex formation with peptide
and protein drugs in animal studies does not directly predict the potentid for immune complex
disease in humans. Such findings, however, should be carefully consdered, especialy when
immune complex deposition leads to pathologicd effects. The consequences of immune
complex formation may aso include neutraization of drug activity and changesin
pharmacokinetics.

In certain instances, Specidized biomarker assays can be useful for understanding mechanisms
when adrug belongs to a chemica class known to be associated with specific immunopathies.
For example, the inhaation anesthetic haothane is known to cause severe liver damage in rare
ingtances, and this effect gppears to have an immunologic basis (Pohl et ., 1988). Antibodies
reactive with liver metabolites of ha othane are associated with ha othane hepatitis (Hubbard et
a., 1988; Kennaet d., 1984) and these metabolites have been identified as trifluoroacetylated
proteins (Pohl et ., 1989). Compounds that are chemicaly related to haothane can be
adminigtered to guinea pigs to determine the formation of hepatic trifluoroacetylated proteins
(Clarke et d., 1995). Thisbiomarker might be useful for indirectly assessng the senstizing
potentia of chemicals reated to halothane (Furst et d., 1996).

C. TypelV

Type IV immunopathies are T-cell mediated and most commonly occur as delayed-type
hypersenstivity skin reactions (contact dermatitis). When adrug isintended for topica
adminigration, the sengtizing potentia of the drug should be determined using an gppropriate
assay as pat of nonclinica safety evauation. The classc nondinicd studies use sengtization
(induction) and chalenge (dicitation) and are typicaly conducted in guineapigs. Although
numerous assay's have been developed, the most common methods for evauating the dermal
sengtizing potentid of drugs have been the Buehler test and the guinea pig maximization test
(Botham et d., 1991). These methods are considered very reliable and have demonstrated a
high corrdation with known human skin sengtizers (Kligman and Basketter 1995). These
methods, dong with the split adjuvant technique and the Draize test, are currently accepted by
the FDA for determining the sengitizing potentia of drugs intended for topicd use. Other
methods (such as the optimization assay) have aso been used for the nonclinical evauation of
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topica drugs and have been accepted by FDA. Techniques using mice, rather than guinea pigs,
have aso been developed. The mouse ear-swelling test (MEST) (Gad et d., 1986, 1987) uses
an induction and chdlenge pattern amilar to the traditiond guinea pig tests.

Experimenta techniques that detect the induction phase of delayed-type hypersenstivity
reactions may be useful in drug development. One technique in particular, the murine LLNA,
has been the subject of severd studies with known contact sengitizers (Basketter et d., 1991,
Kimber et a., 1991; 1995; Loveless et d., 1996; Scholes et d., 1992). With some limitations
(e.g., whether test compound is soluble in an appropriate vehicle), the LLNA can beused asa
stand-aone dternative to standard guinea pig tests for the detection of contact sengitizers. The
test is designed to detect in Stu lymphoproliferation. Studies have indicated that the LLNA
results correlate well with traditiond guinea pig tests for industrid chemicas (Basketter and
Scholes, 1992; Basketter et d., 1993; Edwards et al., 1994; Kimber et d., 1990). Studieswith
pharmaceutical compounds have demongtrated smilar reiability (Kimber et d., 1998; Robinson
and Cruze 1996). The LLNA may have advantages over guinea pig tests. Theresultsare
quantitative rather than essentidly subjective; Freund's adjuvant is not used; and colored
products can be accurately assayed. In addition, adaptations of the LLNA have been reported
in which lymph node cell phenotypes determined by flow cytometry have been shown to
diginguish irritants from alergens. LLNA results can support the safety of proposed clinica
triaswith topica drug products.

Photoallergy isaspecid case of Type IV hypersengtivity in which photoactivation of adrug
results in a covaent-binding metabolite (hapten), which then acts as a sendtizer. Anima models
may be useful for evaluating photoallergenic potentid (Gerberick et d., 1989; Scholeset d.,
1991), but the predictive vaue of these models for human effectsis uncertain. For this reason,
nonclinica testing for photoallergenic potentia is not routingy expected by FDA for topica
drugs.

Other determinations could be valuable in assessing the sengitizing potentia of experimenta drugs.
Although covaent binding to proteinsin itself should not be considered a predictor of alergenic
potentid, in certain Stuations it could be important. Thus, if adrug belongs to a class known to
produce hypersenstivity reactions through covdent binding (e.g., b-lactams, sulfonamides),
demondtration of in vivo covaent binding to proteins could be taken as a biomarker of
sengtization potentia (Dewdney and Edwards 1992).

D. Pseudoallergic (Anaphylactoid) Reactions

A pseudodlergic reaction can result from activation of inflammatory or anaphylactic mechanisms
independent of antigen-gpecific immune responses. Pseudodlergy is known to have severd
causes, including but not limited to direct histamine release and complement activetion. This
reaction islikely to be dose-related.
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If Sgns of angphylaxis are observed in animd studies (e.g., cardiopulmonary distress), follow-up
studies should be considered. Anaphylactoid reaction can be differentiated from true IgE
mediated angphylaxis by various methods, including in vitro testing. Biochemicd markers of the
anaphylactoid reaction can be observed following direct addition of the drug to human serum (to
test for complement activation) or to cells to measure hisamine release. Careful evauation of
these reactions has resulted in valuable information on biochemicad markersused in clinicd trids.

Vil. AUTOIMMUNITY

Autoi mmunity refers to a pathologica processin which the immune system responds to self-antigens.
Autoimmune targets include functiona membranes (such as the rend glomerulus), protective membranes
(such as mydin), or receptors (such as thyroid stimulating hormone or acetylcholine receptors).
Glomerulonephritis, lupus-like syndrome, hemoalytic anemia, and vasculitis are among the most common
pathol ogies thought to have an autoimmune basis. The effectors of autoimmunity can include antibodies
or T-cells specific for self-antigens. The consequences of autoimmunity include direct tissue damage,
immune complex depogition with complement activation, or simulation of target function. Typell and

[l hypersengtivity reactions often have autoimmune components, and drug-associated autoimmunity can
originate as a drug-specific hypersengtivity reaction. Immune stimulation due to specific immune
reactions (imulatory hypersengtivity) may be consdered atype of autoimmunity.

There are no standard methods for determining the potential of experimental drugs to produce
autoimmune reections. The poplited lymph node assay (PLNA) and various adaptations of it have been
proposed to test for autoimmunity induction by drugs (Descotes and Verdier 1995). This method may
have promise, but no extensive evauation has been reported that would support any recommendation
for drug development.

Other methods that have been proposed include assay for markers of T-cdll activation (e.g., soluble IL-
2 receptor) and effects of adrug on markers of T2 cell induction in the Brown Norway rat. Although
there are ingances in which autoantibody formation has been demondtrated in nonclinical toxicology
studies, these observations have not been shown to predict the ability of experimenta drugs to induce
autoimmune disease in humans.

VIll. ADVERSE IMMUNOSTIMULATION

Adver se immunostimulation refers to any antigen-nonspecific, ingppropriate, or unintended activation
of some component of the immune system. Chronic inflammeation can be considered to result from
adverse immunostimulation, athough it is more likely to be associated with products such asimplanted
medica devices and vaccine adjuvants than with drug products.

Unintended nonspecific immunostimulation appears to be ardatively unusua adverse effect. 1n some
respects, this class of immunotoxicity overlgps with pseudodlergy and, in fact, the ditinction is subtle.
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Compounds with this type of activity are often proposed for use asimmune stimulants (e.g., adjuvants)
and in thisingtance adverse immunostimulation would be considered exaggerated pharmacodynamic
activity.

The dinica manifestations of such activity pose a diagnostic chalenge due to the variety of cdlsand
tissues that could be affected by overdimulation. A reatively common manifestation of
immunogimulaion isleukocytic infiltration of tissues. Adverse immunogtimulation can be difficult to
identify because the observed effect may not be in an immune system component. For example, the
limiting toxicity of the immunostimulant interleukin-2 a high dosesis diffuse capillary leskage. Thereare
no nonclinical tests specifically designed to detect these effects.

IX. SAFETY CONS DERATIONS

Specific nondlinica immunotoxicology studies for assessing safety or for exploring mechaniams of
immunotoxicity are summarized in Attachments 1 and 2. Asthe flowchart in Attachment 1 indicates,
additiona immunotoxicology studies to complement the standard repeat-dose toxicology studies are
expected when the drug is administered by inhdationa or topica routes. For drugs administered by
these routes, the sengtizing potentid of the drug should be screened using an gppropriate test such asthe
guinea pig maximization test (GPMT), Buehler assay (BA), loca lymph node assay (LLNA), or mouse
|gE test (MIGET).

Another concern in safety assessment is whether the drug is likely to be susceptible to antidrug immune
responses. Drug antigenicity can ater activity, toxicity, or pharmacokinetics, or cause hypersengtivity
reactions— al of which can generate safety concerns. For large molecular weight drugs or drugs from
sructurd classes known to be haptenic, diligent attempts should be made to detect antidrug immune
responses.

If adrug is expected to be used in pregnant women, incorporation of immunotoxicology in the ICH
Stage C-F reproductive toxicology study should be considered. Idedly, the effect of materna drug
exposure on lymphoid system histopathology and hematology in the F; generation offspring should be
induded in the termina examination.

After determining whether specific testing is warranted based on the route, the potentia for diciting
antidrug immune responses, or intended use in pregnant women, the repeat-dose toxicology studies
conducted to support the safety of adrug in clinica trias should be carefully examined. If evidence of
drug immunatoxicity is found, Attachment 2 suggests follow-up studies for immunotoxicity that should be
consdered, depending on the finding. In addition to immunotoxicity findingsin the repeat-dose sudies,
tissue digtribution studies should be consdered. Drug accumulation or retention in reticuloendothdia
tissues may increase the potentia for immunotoxicity.

For drugs with these distribution properties but with no detectable Sgns of immunotoxicity, additiona
studies should be considered to determine whether immune function isindeed compromised. When no
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accumulation or retention is evident in these tissues, the final consideration iswhether the drug is intended
for the treetment of HIV infection or ardlated immune disease. If thisis the case, immune function tests
should be conducted to assess immune function, even when no immunotoxicity was detected in the
gtandard toxicology studies. Thisimmune function testing will provide additiond safety assurance for
subjects in whom immunotoxicity could have serious consequences. |If the drug will not be used to treet
diseases with serioudy impaired immune function, further immunotoxicity testing is not generdly
necessary unless warranted by specific clinical observations.

If Sgns of unintended immunotoxicity are observed in nonclinica toxicology studies, appropriate follow-
up studies should be considered (Attachment 2). These follow-up studies are usudly not essentia for
asessang drug safety, but can provide information useful for the risk/benefit assessment. For further
evauation of immunosuppressive effects, two assays in particular should be consdered: (1) immune cell
phenotyping (by flow cytometry) and (2) the anti-sheep red blood cell plaque assay. Anin vitro
hemolysis assay can help ascertain whether blood dyscrasias are due to immune-mediated cytolysis or
direct drug effects.

When hypersengitivity reactions are observed in toxicology studies, additional immunatoxicity testing
might be useful for darifying the immune sysem’srole. For example, when anemiais present, a Coombs
test could indicate whether immune-mediated hemolytic anemiaiisthe cause. Likewise, to explore
specific tissue damage, such as vasculitis, demondtration of immune complex deposition in the affected
tissue would indicate an immunopathologic mechanism. Follow-up studies can d <o differentiate
anaphylactoid reactions from true IgE mediated angphylaxis. For example, drug induced histamine from
cdls or complement activation following addition of drug to serum would indicate the former.

Drug-induced autoimmunity suspected in toxicology studiesis difficult to confirm with current methods.
Nonethdess, the poplitea lymph node assay and specific biomarker assays might provide ingght into
potentid autoimmune mechaniams.

Thefind indication of whether to undertake additiona immunotoxicity testing is tumorigenicity. If chronic
toxicology studies or rodent bioassays indicate carcinogenic potentia, the contribution of unintended
immunosuppression to the findings should be evauated. If immunosuppression is suspected from other
direct findings in the study or from class effects, follow-up studies should be consdered. Tumor host
res stance models are gppropriate for determining carcinogenic immunosuppressive potential.

Immunotoxicity does not gppear to be acommon finding with investigationd drugs. If a potentidly

va uable thergpeutic agent has significant immunosuppressive activity in nondinica toxicology sudies, this
would need careful atention in clinicd trials. For ingtance, cancer therapeutic agents that are potent
myelotoxins can be used if gppropriate prophylactic measures are used to avoid infections. Certain
combinations of drugs may be contraindicated when both drugs are human immunosuppressants.
Reevant information on potentia immunosuppressive activity should be included in the product |abdling.
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X. SUMMARY

The immune system conssts of adiverse and complex set of cells and organs that have complicated
interactions with each other and with other physiological systems. These complexities make the
detection and evauation of drug-induced immunotoxicity in anima modes difficult. Nonetheless,
regulatory consderations for immunotoxicologic effects discovered during the development of adrug are
redly no different than for other adverse effects. Immunotoxicologic findings could suggest additiond
follow-up studies to investigate the nature and mechanism of the immunotoxic effects. Any further testing
should depend on the intended use of the drug, whether immunotoxicity is an expected or tolerable Sde
effect, and whether results from additiond testing would dter the clinical development plan, including
potentid risk/benefit consderations. Modificationsin clinicd trids could be indicated by immunactoxicity
findings (eg., certain immune parameters might be monitored). Immunotoxicity findings could be
included in the investigator's brochure or in the product labd. Findly, dthough immunotoxicity findings
could indicate that a drug is unsafe for some types of clinica investigations or certain indications, this
appearsto berare.

For the safety assessment of investigationd new drugs, specific immunotoxicity testing should be
conducted (in addition to the standard toxicology studiesin two species) when drugs are to be
administered by the inhalationa or topica routes. For these drugs, tests predictive of contact
sengtization should be conducted. The murine LLNA should be considered a vdidated stand-alone test
for this purpose. Specific immunotoxicity studies should also be congdered for safety assessment when
(1) the drug has the potentid to elicit an antidrug immune response, (2) use during pregnancy islikely, or
(3) there is an dbsence of immunoatoxicity findingsin the toxicology studies, but sgnificant accumulation
or retention of the drug in immune system tissues, or the drug will be used to treet an immune-deficiency
disease such asHIV. In most other instances, specific immunotoxicity sudies are generdly not needed
to support initid clinicd trids or continued development. If immunosuppression is observed in relevant
toxicology studies, immune cell phenotyping and the anti-SRBC plague assay (or immunoassay variants
such as ELISA) are recommended for follow-up.

Immunatoxicology isarapidly advancing field and new methods are congtantly being evauated. Itis
anticipated that new methods will become available for endpoints for which no generdly accepted
predictive tests currently exist, epecialy concerning such adverse effects as systemic hypersengitivity,
autoimmunity, and photodlergy. Sponsors are encouraged to contact the appropriate review divison
when signs of immunotoxicity in toxicology studies or dlinicd trias suggest follow-up studies.
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ATTACHMENT 1

FLOWCHART FOR DETERMINING WHEN TO CONDUCT SPECIFIC
IMMUNOTOXICITY TESTING

Inhalational or topical |\ es—p| DEtermine sensitizing potential: IV.A
administration? GPMT, BA, LLNA, MIGET (2) as appropriate IV.C
T
No |
Y + ider developi f i-drug i
Large MW or haptenic dlass? | —Yes Consider developing assay for anti-drug immune i
response
T
No |
vV v
Likely to be used in pregnant | Ves—» Consider lymphoid wste;m assessmentsin F1 I.C
women? offspring
! |
No l
v Consider follow-up studies
Evidence of immunotoxici ty in | Ves—» to explore mechanism B
repest dose toxicology studies? (Figure 2)
I
No
Accumulation or retention in Yes B
reticul oendothelial tissues? i v '
No Consider immune
v function tests
Treatment of HIV or related A
immune disease? Yes I.C
T
No
v

No further immuno-
toxicity testing needed

1. Annotationsin right margin indicate location of text describing specific advice

2. GPMT- guinea pig maximization test; BA- Buehler assay (Buehler patch test); LLNA- loca lymph
node assay; MIGET- mouse IgE test (thereis only arelatively small database available for assessing
the usefulness of the MIGET for drug regulatory purposes)
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ATTACHMENT 2

FOLLOW-UP STUDIESTO CONSIDER FOR EXPLORING
MECHANISMS OF IMMUNOTOXICITY

Immunotoxicity findings
in toxicology studies

Consider:
11.B

—» . . . L p{ Immune cell phenotyping .g., flow cytometry
Evidence of immunosuppression (2)? Immune function assays .., plaque assay (3))] I1.C
Hemolysis assay I.A
Consider:
—»  Evidence of hypersensitivity (4)? L p Coombs test for anemia, assay for immune IV.B
Vi yP Ity (%) complex deposition in affected tissue, marker
for class affect
Consider:

L Evidence of anaphylaxis or L p

anaphylactoid reactions (5)? Invitrotests for histamine release, complement| 1V.D

activation, biomarkers

Consider potentia for autoimmunity induction: Vv

Bvidence of autoimmunity (6)? PLNA, biomarkers of T-cell activation (7)

Consider contribution of immunosuppression: | y/||

> . . PR _’
Evidence of carcinogenicity? host resistance

1. Annotationsin riaht marain indicate location of text describina soecific advice.

2. Examples include myel osuppression, histopathology in immune associated tissues, increased infection,
Tumors. decreased serum la. phenotvpic chanaesin immune cells.

3. Other acceptable assays include drug effect on NK cell function in vitro blastogenesis, cytotoxic T cell
function, cytokine production, delayed-type hypersensitivity, host resistance to infections or implanted tumors.
4. Examplesinclude anemia, leukopenia, thrombocytopenia, pneumonitis, vasculitis, lupus-like reactions,
Glomerulonephritis.

5. Examplesinclude cardiopulmonary distress, rashes, flushed skin, swelling of face or limbs.

6. Examplesincludevasculitis, lupus-like reactions, glomerulonephritis, hemolytic anemia.

7. There are no established assays that reliably assess potential for autoimmunity and acute systemic
hypersensitivity. The popliteal lymph node assay (PLNA) has only arelatively small database available for
assessing its usefulness for drug regulatory purposes.
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